Background: Preoperative chemoradiotherapy (PCRT) followed by surgery and adjuvant chemotherapy is the current standard treatment for stage II/III rectal cancer. However, radiotherapy in the pelvic area is commonly associated with complications such as anastomotic leakage, sexual dysfunction, and fecal incontinence. Recently, the MERCURY study showed that preoperative high-resolution magnetic resonance imaging (MRI) helped to selectively avoid PCRT. It remains unclear whether PCRT is necessary in patients who can achieve a negative circumferential resection margin (CRM) with surgery alone and in patients with cT 1-2 N 1 or cT 3 N 0 without CRM involvement and lateral lymph node metastasis. This study aims to evaluate the efficacy of upfront radical surgery with total mesorectal excision (TME) followed by adjuvant chemotherapy with folinic acid (or leucovorin), fluorouracil, and oxaliplatin (FOLFOX) versus the current standard treatment in patients with surgically resectable, locally advanced rectal cancer.
Introduction
Colorectal cancer (CRC) remains the third most common malignancy and the second leading cause of cancer-related death worldwide [1] . In South Korea, the increasing prevalence of the westernized diet is correlated with a rising incidence of CRC. In 23,271 Korean patients who were diagnosed with CRC in 2018, about 50% of CRC cases were categorized as rectal cancer [2] .
Currently, the standard treatment for stage II/III rectal cancer is preoperative chemoradiotherapy (PCRT) followed by surgery and adjuvant chemotherapy [3] . In the past, local relapse after surgery had been the main issue with treatment [4] . However, since the introduction of total mesorectal excision (TME), the incidence of local recurrence has decreased to < 10% [5] [6] [7] .
The addition of PCRT also led to a decrease in tumor size and local relapse rate [8, 9] and an increase in disease-free survival (DFS); however, it did not have an impact on overall survival (OS) [10] . Thus, the need to control distant metastasis poses as a challenging issue. Although radiotherapy is an effective means of local control, complications such as anastomotic leakage, sexual dysfunction, and fecal incontinence are very common in patients receiving radiotherapy in the pelvic area [11] [12] [13] . In addition, PCRT usually takes up to 3 months [14] , thereby prolonging the treatment period and increasing the financial burden on patients.
Adjuvant chemotherapy is vital to controlling the systemic recurrence rate, especially in locally advanced rectal cancer. Adjuvant chemotherapy with folinic acid (or leucovorin), 5-fluorouracil (5-FU), and oxaliplatin (FOLFOX) is associated with a 3-year DFS superior to that of 5-FU monotherapy for stage III rectal cancer [15, 16] . The pivotal ADORE trial and the German CAO/ARO/AIO-04 study further supported the efficacy of FOLFOX in the adjuvant setting [17, 18] .
Despite the multimodality of the approach to treating locally advanced rectal cancer, some patients are not eligible for PCRT. In the MERCURY study, preoperative high-resolution magnetic resonance imaging (MRI) helped to selectively avoid PCRT [19] . The QuickSilver study also showed that selecting patients with a "good prognosis" using MRI resulted in a low rate of positive circumferential resection margin (CRM) in patients who received upfront surgery [20] . Therefore, the identification of patients who are not eligible for PCRT is one of the critical issues in locally advanced rectal cancer. Whether PCRT is a prerequisite for patients who can achieve a negative CRM with surgery alone warrants further study [21] . If surgery alone can provide local control, then patients can receive adjuvant treatment earlier, preventing systemic relapse.
In this study, we aim to evaluate the efficacy of upfront radical surgery with TME followed by adjuvant FOLFOX chemotherapy in patients with surgically resectable, locally advanced rectal cancer. We hypothesized that the 3-year DFS of patients receiving our proposed treatment will be non-inferior to that of patients receiving the current standard treatment for stage II/III rectal cancer.
Patients and methods

Study design
This study is an open-label, multicenter, phase II randomized controlled trial and will include patients from five tertiary hospitals in South Korea. Patients will be randomly allocated in a 1:1 ratio using random permuted blocks. Factors such as institution and clinical lymph node stage (positive or negative) will be considered when allocating the subjects into one of the following groups: standard treatment group (arm A) or experimental treatment group (arm B) (Fig. 1) . Initially, arm A will receive fluoropyrimidine-based or capecitabinebased PCRT (45 ± 5.4 Gy/28 fractions/5.5 weeks, concurrent) followed by TME. Patients will be further stratified into low-risk or high-risk groups for recurrence based on their clinicopathological findings (Fig. 2) .
High-risk features include T4 lesion, poor histologic grade, peritumoral lymphovascular involvement, perineural invasions, bowel obstruction at initial presentation, T3 lesion with localized or impending perforation, and an indeterminate or positive margin [22] . Low-risk patients (with ypT 0-2 N 0 ) will receive adjuvant chemotherapy with fluoropyrimidine and leucovorin or with capecitabine. High-risk patients (with ypT 3-4 N 0 or ypT any N 1-2 ) will be treated with 8 cycles of adjuvant FOL-FOX chemotherapy. Arm B will undergo TME followed by 12 cycles of adjuvant FOLFOX chemotherapy.
The regimens to be used in this study are as follows. During radiotherapy, patients may be given 5-FU or capecitabine. A fluoropyrimidine-based regimen of 5-FU 400 mg/ m 2 and leucovorin 20 mg/m 2 will be given intravenously on days 1-3 and days 29-31. Capecitabine 825 mg/m 2 will be administered orally twice a day during radiotherapy.
In the adjuvant setting, low-risk patients will receive either the leucovorin regimen or capecitabine. The postoperative leucovorin regimen will consist of 5-FU 400 mg/m 2 and leucovorin 20 mg/m 2 given as an intravenous bolus on days 1-5 every cycle (28 days). Capecitabine 1250 mg/m 2 will be administered orally twice a day on days 1-14 every cycle (21 days). The high-risk group of arm A and arm B will be treated with FOLFOX for 8 and 12 cycles, respectively. The regimen consists of: 5-FU 400 mg/m 2 administered as an intravenous bolus on day 1, followed by 1200 mg/m 2 given intravenously over 24 h on days 1-2; oxaliplatin 85 mg/m 2 administered intravenously; and leucovorin 200 mg/m 2 administered intravenously on day 1.
Patients are to visit the clinic every 3 months for 3 years after surgery and 6 months thereafter. Follow-up appointments will include physical examination, complete blood count, routine chemistry including liver and kidney function tests, and serum carcinoembryonic antigen test. Chest radiography and abdominal and pelvic computed tomography will be performed every 6 months for 5 years. A routine colonoscopy will also be performed 1, 3, and 5 years after surgery. Every year for 3 years, we will ask patients to answer surveys to evaluate their quality of life.
Study population
Patient selection is based on the following inclusion and exclusion criteria. 
Safety and quality
Adverse events will be evaluated according to CTCAE version 4.0. Other measures also include total score for function of urination (International Prostate Symptom Score (IPSS)) and defecation score (Wexner's score). Quality of life will be assessed using the Korean version of the European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire (EORTC QLQ-C30).
Results
The primary endpoint is 3-year DFS of patients receiving our proposed treatment versus the standard treatment for surgically resectable, locally advanced rectal cancer. DFS is defined as the time from randomization to disease progression or death from any cause. Secondary endpoints include 5-year DFS, local recurrence rate, systemic recurrence rate, cost-effectiveness, and OS. OS is defined as the time from initial diagnosis to death from any cause.
Statistical analysis
The primary purpose of this study is to test the noninferiority of TME followed by 12 cycles of adjuvant FOLFOX chemotherapy to the current standard treatment of PCRT followed by TME and adjuvant chemotherapy. This study is based on the results of the COREAN trial, which showed a 3-year DFS of 72.5% and 79.2% for open and laparoscopic surgery of mid and low rectal cancer, respectively [23] . We estimated that experimental group (arm B) will have a 3-year DFS of 75% and a non-inferiority margin of 15% [24] . To prove non-inferiority [25] , we set the upper limit of the onesided 85% confidence interval of the difference as 15%. With a statistical power of 70%, a one-sided α error of 15%, and a 10% dropout rate, we estimated a total of 90 patients for this study, with 45 patients for each arm.
Our analysis will be based on an intention-to-treat population and a per-protocol population. Continuous and categorical variables will be analyzed using the Mann-Whitney test and Fisher's exact test, respectively. Spearman's correlation test will be used for correlation analyses. The Kaplan-Meier method will be used to estimate DFS, OS, and local and distant recurrence, and the log-rank (Mantel-Cox) tests to compare survival distribution. The significance level is set at p < 0.05, and all statistical tests will be two-sided. There will be no interim analysis.
Translational analyses
Using next-generation sequencing technology, we will perform biomarker analysis and gene expression profiling of surgically resected rectal specimens. The results may provide insight into biomarkers that can predict responses, outcomes, and recurrence in patients with locally advanced rectal cancer.
Data collection, management, and monitoring
Patient data will be effectively managed using the eVelos system, a web-based clinical trial management system (http://kcpc.ncc.re.kr; Velos Inc., Fremont, CA, USA). We estimated the patient accrual and study duration to take 4 and 5 years, respectively.
Discussion
Although the multimodality of approach for treating locally advanced rectal cancer has lowered the local recurrence rate and improved DFS, approximately one-third of patients still experience systemic recurrence [10] . PCRT may help to downsize tumors and provide local control [23] , but its role is questionable if patients with a negative CRM may be eligible for TME alone using high-resolution MRI [19] . Our study aims at proving the non-inferiority of TME followed by 12 cycles of adjuvant FOLFOX chemotherapy to the standard treatment of PCRT followed by TME and adjuvant chemotherapy. If our findings reveal that our proposed treatment method, which omits PCRT, is non-inferior to the standard treatment, then patients may avoid unnecessary radiationrelated toxicity, have shorter treatment duration, and save on medical costs. The results of our translational research also provide important insights into biomarkers associated with radiotherapy.
Selective approaches to radiotherapy for clinical stage II/III rectal cancer are currently one of the unmet needs of patients in this field. Our study will be comparable to the MERCURY, OCUM, or QuickSilver study, all of which used high-resolution MRI to select patients with a good prognosis, defined as a negative CRM [19, 20, 26] . These studies had CRM rates of 2-5% and 5-year local recurrences rates of 2.0-3.3% in patients without PCRT, suggesting that precise clinical staging based on highresolution MRI can help avoid unnecessary PCRT in patients with a good prognosis. Considering the impact of PCRT on local control, the rate of CRM involvement and the rate of completing a TME procedure will be critical factors in this study.
Our study was registered at ClinicalTrials.gov (NCT02167321) on June 19, 2014 . Patient accrual began in December 2014. Patients will be followed up until June 2024. 
